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Description 

Quasi Slanted Fiber Bragg Gra ting/ Multiple Series Fiber Bragg 
Grating , Optical Fiber Type Coupler and Optical Connector 

Technical Field 

The present invention relates to a quasi slanted fiber 
Bragg grating, a multiple series Bragg grating, an optical fiber 
type coupler and an optical connector and, more particularly, 
to a quasi slanted fiber Bragg grating, a multiple series Bragg 
grating , an optical fiber type coupler and an optical connector , 
which are useful in a WDM (Wavelength Division Multiplexing) 
transmission system for separating desired signal light from 
a superposed signal group or the like. 

Background Art 

In recent years, the WDM transmission system has been 
noted as a system for transmitting a mass volume of information . 
This WDM transmission system transmits signal light or test 
light of plural wavelengths multiplexly through one optical 
fiber. The transmission side has to use an optical coupler 
for composing the individual signal light and test light, and 
the reception side has to use an optical divider for dividing 
the individual signal light and an optical blocking filter for 
blocking unnecessary signal light. 
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In the prior art, this optical composer, optical divider 
or optical blocking filter has been exemplified by a dielectric 
multi-layer filter or a fiber Bragg grating (as will be called 
the " FBG" ) . 

In a system using the dielectric multi-layer filter, this 
dielectric multi-layer filter is either inserted between the 
optical fibers and fixed with an adhesive or clamped between 
connectors. Therefore, this system may be troubled under a 
severe temperature environment or may be changed in 
characteristics . 

In the system using the FBG, on the other hand, there 
has been practiced a chirped FBG having a blocking band of 10 
to 20 nm and a blocking quantity of about 20 dB. However, this 
system has failed to practice a filter of a high blocking quantity 
(e.g. , 40 dB or more) , for which needs have raised. Still the 
worse, there is a difficulty that the degree of freedom for 
the system design cannot be improved. 

As the method for achieving a large blocking quantity 
in the chirped FBG system, there has been devised: (1) the method 
(as will be called the "low chirp rate FBG method") for making 
the chirp rate (i.e., the changing rate of a lattice gap A) 
gentle; and (2) the method (as will be called the "two-step 
connection method") for forming two chirped FBGs having the 
same construction and a blocking quantity of about 2 to 30 dB, 
in series at two steps . 
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In the low chirp rate FBG method of (1) , however, the 
restriction on the accommodating space makes it difficult to 
retain a sufficient grating length, so that the practical chirp 
rate to be executed has a lower limit. In the case the FBG 
is packaged in the SC type optical PAD connector, for example, 
it is necessary to set the fiber grating length to about 20 
mm or less. It is, however, difficult for the chirp rate 
necessary for the desired band (10 to 20 nm or more) to 
mass-produce the FBG having a blocking quantity of 40 dB or 
more. For one chirped FBG (as will be called the "one-step 
FBG") , moreover, the reflection outside of the band near the 
Bragg wavelength is relatively high to raise a difficulty that 
the usable band is restricted. 

On the other hand, there has also be devised a method 
according to the so-called "slanted fiber Bragg grating" (as 
will be called the "SFBG") , which is manufactured to have a 
grating slanted (to have a slant angle of about 4°) with respect 
to the optical axis. In this system according to the SFBG, 
however, if the ordinary single mode fiber is employed, the 
coupling efficiency to the clad (or radiation) mode (as will 
be s dimply called the "cladmode") is so low as to make it difficult 
to achieve a sufficient band blocking quantity. In order to 
retain a large blocking quantity by the system using the SFBG, 
therefore, there arises a difficulty that a dedicated fiber 
having a low action to confine the signal light in the core, 
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to blocking the line monitoring light, there arises a difficulty 
that the system cannot be employed because of a low reflection 
factor . 

The present invention has been conceived so as to solve 
the above-specified difficulties, and has an object to provide 
a quasi slanted fiber Bragg grating (as will be called the 
"QSFBG" ) , a multiple series fiber Bragg grating (as will be 
called the "multiple series FBG") , an optical fiber type 
coupler and an optical connector, in which the one-step FBG 
can have intermediate characteristics between those of the FBG 
and the SFBG, in which a high blocking quantity can be retained 
by combining the function of the FBG and the function of the 
SFBG, and in which the multiplex reflections to occur in the 
case of the two-step connection of the FBGs can be transformed 
into the clad mode thereby to inhibit the beat generation. 

Disclosure of the Invention 

In order to achieve that object , according to the invention , 
there is provided a QSFBG, which comprises a first refractive 
index grating portion formed on the core of an optical fiber 
to have a grating vector slanted with respect to the fiber 
principal axis thereby to reflect incident light selectively 
with a reflection factor of 90 % or more and to make the loss 
due to the coupling to a clad mode, less than 5 dB . 

According to the invention , there is also provided a QSFBG , 
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which comprises a second refractive index grating portion formed 
on the core of an optical fiber to have a grating vector slanted 
with respect to the fiber principal axis thereby to reflect 
incident light selectively with a reflection factor of 10 % 
or more and to make the loss due to the coupling to a clad mode, 
5 dB or more . 

According to these QSFBGs of the invention, the 
intermediate characteristics can be enjoyed between those of 
the FBG for coupling the Bragg-ref lected light (backward) to 
the fundamental mode and the SFBG for coupling the same to the 
clad mode, and the high blocking quantity can be retained by 
combining the function of the FBG and the function of the SFBG . 

According to the invention, there is further provided 
a multiple series FBG, which comprises : a third refractive index 
grating portion formed on the core of an optical fiber to have 
a grating vector in parallel with the fiber principal axis 
thereby to reflect incident light selectively with a reflection 
factor of substantially 100 % or more and to make the loss due 
to the coupling to a clad mode, less than 5 dB; and at least 
any one of such a fourth refractive index grating portion, the 
aforementioned first refractive index grating portion and the 
aforementioned second refractive index grating portion formed 
in series with the third refractive index grating portion, as 
has a grating vector slanted with respect to the fiber principal 
axis thereby to reflect incident light selectively with a 
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reflection factor less than 10 % and to make the loss due to 
the coupling to a clad mode, 5 dB or more. 

According to the invention, there is further provided 
a multiple series FBG, which comprises: the aforementioned 
fourth refractive index grating portion formed in the core of 
an optical fiber; and at least any one of the aforementioned 
first to fourth refractive index grating portions formed in 
series with the fourth refractive index grating portion . 

According to the invention, there is further provided 
a multiple series FBG, which comprises: the first refractive 
index grating portion formed in the core of an optical fiber; 
and at least any one of the aforementioned first to fourth 
refractive index grating portions formed in series with the 
first refractive index grating portion. 

According to the invention, there is further provided 
a multiple series FBG, which comprises: the aforementioned 
second refractive index grating portion formed in the core of 
an optical fiber; and at least any one of the aforementioned 
first to fourth refractive index grating portions in series 
with the second refractive index grating portion. 

These multiple series FBGs of the invention have a function 
to couple the multiplexly reflected light highly efficiently 
to the clad mode, and are enabled to improve the blocking 
characteristics better than the FBG or SFBG of the prior art 
by combining the coupling to the fundamental mode (backward) 
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and the coupling to the clad mode. 

According to the invention, there is further provided 
a multiple series FBG, which comprises : the aforementioned first 
refractive index grating portion or the aforementioned second 
refractive index grating portion having a predetermined slant 
angle and formed in the core of an optical fiber; and the 
aforementioned first refractive index grating portion or the 
aforementioned second refractive index grating portion having 
a slant angle of an inverse sign opposite to that of the 
first-named slant angle and formed in series with the 
aforementioned first or second refractive index grating 
portion . 

According to the multiple series FBGs of the invention, 
the multiplexly reflected light can be transformed highly 
efficiently into the clad mode thereby to improve the blocking 
characteristics further . 

Next, the optical fiber type coupler of the invention 
is provided with a port , which includes any of the aforementioned 
QSFBGs or the multiple series FBGs. 

According to the optical fiber type coupler of the 
invention, the COM port constructing the optical fiber type 
coupler includes the QSFBG or the multiple series FBG. 
Therefore, the coupler can retain a large blocking quantity 
and can construct the WDM transmission system simply and 
inexpensively . 
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According to the optical connector of the invention, 
moreover, any of the aforementioned QSFBGs and the multiple 
series FBGs is packaged in the optical connector. 

According to the optical connector of the invention, on 
the other hand, the QSFBG of the invention or the multiple series 
FBG is packaged in the ferrule so that it is made into the plug 
type. It is, therefore, possible to retain the high blocking 
quantity and to connect the optical connector removably to 
another connector arranged in the optical transmission line 
thereby to configure the WDM transmission system simply and 
inexpensively. The optical connector can retain a sufficient 
band blocking quantity. 

Brief Description of the Drawings 

Fig. 1 is a longitudinal section of a QSFBG according 
to a first embodiment of the invention. 

Fig. 2 is an explanatory diagram showing transparent 
characteristics of the QSFBG according to the first embodiment 
of the invention . 

Fig. 3 is a longitudinal section of a multiple series 
FBG according to a second embodiment of the invention. 

Fig. 4 is an explanatory diagram showing reflective 
characteristics of the multiple series FBG according to the 
second embodiment of the invention. 

Fig. 5 is a longitudinal section according to another 
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embodiment: of the multiple series FBG of the invention . 

Fig. 6 is a longitudinal section according to another 
emb odiment of the multiple series FBG of the invention. 

Fig. 7 is a schematic diagram of an optical fiber type 
coupler of the invention. 

Of Figs. 8(a) to 8(e) presenting explanatory diagrams 
showing a procedure for manufacturing the optical fiber type 
coupler of the invention: Fig. 8(a) is an explanatory diagram 
showing the state, in which first and second refractive index 
grating portions are mounted on one of two optical fiber cores ; 
Fig. 8 (b) is an explanatory diagram showing the state, in which 
the two optical fibers are fused and extended to form an optical 
branching coupler; Fig. 8 (c) is an explanatory diagram showing 
the state, in which a portion of the other optical fiber core 
is cut out; Fig. 8(d) is a side elevation showing the state, 
in which the optical branching coupler is packaged; and Fig. 
8(e) is a section taken along line A - A of Fig. 8(d) . 

Of Figs . 9 (a) and 9 (b) presenting explanatory diagrams 
showing the blocking characteristics of the optical fiber type 
coupler of the invention, Fig. 9(a) is an explanatory diagram 
showing the blocking characteristics of the optical fiber type 
coupler of the prior art, and Fig. 9 (b) is an explanatory diagram 
showing the blocking characteristics of the optical fiber type 
coupler of the invention. 

Fig. 10 is a system configuration diagram, in which the 
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optical fiber type coupler of the invention is applied to the 
FTTH system requiring no image delivery. 

Fig. 11 is an FTTH system configuration diagram requiring 
the image delivery, which can be configured by replacing the 
optical fiber type coupler of the invention contained in the 
system configuration of Fig. 10 by the WDM coupler of the prior 
art. 

Fig. 12 is a longitudinal section of an optical connector 
of the invention . 

Best Mode for Carrying Out the Invention 

Preferred embodiments of the QSFBG, the multiple series 
FBG, the optical fiber type coupler and the optical connector 
of the present invention will be described with reference to 
the accompanying drawings . 

Fig. 1 is a longitudinal section of a QSFBG according 
to a first embodiment of the invention. In Fig. 1, the QSFBG 
of the invention comprises an optical fiber 4 including a core 
41 composed mainly of quartz glass, and a clad 42 formed on 
the outer circumference of the core 41 and having a smaller 
refractive index than that of the core 41. In this core 41, 
a first refractive index grating portion 41a or a second 
refractive index grating portion 41b is made such that the 
grating gap gradually varies along an optical axis and such 
that the grating vector slopes with respect to the fiber primary 
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axis. Specifically, the phase mask (not-shown) is so arranged 
on the outer side of the optical fiber 4 as to slope with respect 
to the axis of the optical fiber 4, and this phase mask is 
irradiated from the outside with the ultraviolet ray (not-shown) . 
As a result, the first refractive index grating portion 41a 
or the second refractive index grating portion 41b is formed 
at such a predetermined portion of the core 41 that the grating 
gap gradually varies along the optical axis and that the grating 
vector slopes with respect to the fiber principal axis . 

Here, the first refractive index grating portion 41a or 
the second refractive index grating portion 41b is so desired 
that it varies along the optical transmission direction from 
the longer wavelength region to the shorter wavelength region . 
As a result, the signal light coming from the side of the longer 
wavelength region is transformed at the grating into the clad 
mode, and the reflected light is not propagated in the core 
so that the reflection in the blocking region can be inhibited. 

The QSFBG thus far described is manufactured in the 
following specific procedure. 

Specifically, the optical fiber 4 having a clad diameter 
of 125 fom was made by adding Ge to the core 41 having a core 
d i a m eter of 8 pm and a relative refractive index difference 
of 0 . 3 % , and the QSFBG having a slant angle (6) of 2° was formed 
in the optical fiber 4 by a phase mask method using the second 
higher harmonics of Ar ion laser (X = 2 44 nm) . Here, the central 
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period (2 A) of the plasma mask of a chirped grating is 1,076 
nm, the chip rate (C) of the period is 0.56 nm/mm, the length 

(G) of the first and second index grating portions 41a and 41b 
is 20 mm, the effective refractive index (N) of the first and 
second index grating portions 41a and 41b is 1.447, and the 
refractive index modulation is 3 x 10~ 3 . 

In the aforementioned embodiment having a slant angle 

(0) of 0.2 to 2° and a blocking quantity of 10 dB or more, the 
QSFBG having the first refractive index grating portion 41a 
for reflecting the incident light in a reflection factor of 
90 % or more and for making the loss due to the coupling in 
the clad mode less than 5 dB will be called the "QSFBG of the 
first kind" . In the case having a slant angle of 1 to 3° and 
a blocking quantity of 10 dB or more, the QSFBG having the second 
refractive index grating portion 41b for reflecting the incident 
light in a reflection factor of 10 % or more and for making 
the loss due to the coupling in the clad mode 5 dB or more will 
be called the "QSFBG of the second kind" . Here, the slant angle 

(9) is the angle which is made between the fiber axis vector 

(or the incident light) and the grating vector of the case, 
in which the incident light is reflected in the higher refractive 
index region (H) . 

Here, the QSFBG of the first kind is made to have a 
reflection factor of 90 % or more, because it is intended to 
cause a reflection (i.e. , substantially the total reflection) 
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as high as that of the ordinary FBG (i.e. , a third refractive 
index grating) . On the other hand, the QSFBG of the first kind 
is made to have a loss less than 5 dB due to the coupling to 
the cladnxode, because it is intended to make the loss equivalent 
to that of the coupling to the clad mode, as observed in the 
ordinary FBG. Moreover, the QSFBG of the second kind is made 
to have a reflection index of 10 % or more , because it is intended 
to utilize the "reflection" as a function. On the other hand, 
the QSFBG of the second kind is made to have a loss of 5 dB 
or more due to the coupling to the clad mode, because it is 
intended to make the loss higher than that due to the coupling 
to the clad mode, as seen in the ordinary FBG. 

The reflection factor of the aforementioned FBG or the 
single QSFBG and the SFBG (as will be called the "FBG group") 
of the first kind or the second kind can be measured by Method 
1 (using an optical branching device) or Method 2 (using an 
optical circulator and a full reflection terminal) , as specified 
in Item 6 . 5 of the receiving part testing method for JISC5901" 2001 
optical transmissions, by using a wide band light source of 
a high output such as an ASE (Amplified Spontaneous Emission) 
light source, an SLD (Super Luminescence Diode) light source 
or an EELED (Edge Emission Light-Emitting Diode) light source, 
or a variable wavelength laser light source such as a low SSE 
(Source Spontaneous Emission) , as the light source, andby using 
an optical spectrum analyzer capable of measuring the wavelength 
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characteristics as a power meter. Here, a terminal having a 
known reflection factor may be used in Method 2 as the full 
reflection terminal. Moreover, the loss due to the coupling 
of the FBG group to the single clad mode can be calculated by 
the following Formula in the case of the FBG group of a wide 
band having the Chirp: 

CML = (RL 2 (X) - RLi (X) ) /2 , 
wherein : 

CML (A,) : Loss due to the coupling to the clad mode; 

RLI (X) : Reflection attenuation (spectral) obtained by 
introducing the test light in the Chirp direction (from the 
shorter grating gap) ; and 

RL2 (X) : Reflection attenuation (spectral) obtained by 
introducing the test light reversely of the Chirp direction 
(from the longer grating gap) . 

In the above Formula, the difference between the two 
measured values indicates the contribution to the loss due to 
the coupling to the clad mode. Specifically, the loss due to 
the coupling to the clad mode is caused in the wavelength range 
shorter by several nm than the Bragg wavelength. Therefore, 
the test light is subject, when it is incident from the Chirp 
direction, not to the loss due to the coupling to the clad mode, 
but to the Bragg reflection. In the case, however, the test 
light is incident in the reverse direction, it is subject to 
the loss due to the coupling to the clad mode till it reaches 
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the Bragg reflection point (that is, the test light is subject 
to the loss due to the coupling because it passes through the 
region having a Bragg wavelength longer by several nm than that 
wavelength, i.e., through the region, in which the loss due 
to the coupling to the clad mode is given to that wavelength) . 
Thus, the difference between the two measured values indicates 
the contribution of the loss to the coupling to the clad mode. 
The reason why the difference is divided by 2 is that the test 
light reciprocates for the reflection measurement through the 
section, in which the loss due to the coupling to the clad mode 
is given, so that the light is doubly subject to the effects 
of the loss due to the coupling to the clad mode. 

The QSFBG of the first kind or the second kind thus far 
described according the first embodiment has intermediate 
characteristics between those of the ordinary FBG and the SFBG 
of the prior art, and is enabled to retain a high blocking quantity 
by combining the function of the ordinary FBG, i.e., the function 
to transform (or reflect) the incident light propagating in 
the fundamental mode into the fundamental mode in the reverse 
direction, and the function of the SFBG of the prior art, i.e. , 
the function to couple the reflected light to the clad mode. 
Especially the QSFBG of the second kind is given higher blocking 
characteristics than those of the FBG or the SFBG by the action 
to combine the coupling to the fundamental mode and the coupling 
to the clad mode. 



16 



Fig. 2 shows relations between the FBG and the SFBG of 
the prior art and the transmission spectrum of the QSFBG of 
the second kind according to the first embodiment of the 
invention, i.e., between the input wavelength (nm) and the 
transmission factor (dB) . In Fig. 2: a thin curve Wl indicates 
the characteristics of the FBG of the prior art having a slant 
angle (6) of 0°; a thick curve W2 indicates the characteristics 
of the QSFBG of the second kind of the invention having a slant 
angle (6) of 2°; and a dotted curve W3 indicates the 
characteristics of the SFBG of the prior art having a slant 
angle (0) of 4°. It is understood from Fig. 2 that the QSFBG 
of the second kind of the invention can block the optical signal 
within a range of about 40 to 80 dB in a band of 1,550 to 1,565 
nm. 

Fig. 3 is a longitudinal section of a multiple series 
FBG according to a second embodiment of the invention . In Fig . 
3, the portions common to those of Fig. 1 are omitted in 
description by designating them by the identical reference 
characters . In Fig . 3 , the multiple series FBG of the invention 
comprises an optical fiber 4 including a core 41 composed mainly 
of quartz glass , and a clad 42 formed on the outer circumference 
of the core 41 and having a smaller refractive index than that 
of the core 41. In this core 41, the aforementioned QSFBGs 
of the first kind are the second kind (i.e. , the first or second 
refractive index grating portion 41a or 41b) are formed in series 
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in the following manner. Like the first embodiment, 
specifically, the phase mask is so arranged on the outer side 
of the optical fiber 4 as to slope with respect to the axis 
of the optical fiber 4, and this phase mask is irradiated from 
the outside with the ultraviolet ray. As a result, the QSFBG 
of the first kind (i.e., the first refractive index grating 
portion 41a) is formed at a predetermined portion of the core 
41. Next, the QSFBG of the second kind (i.e., the second 
refractive index grating portion 41b) is formed by shifting 
the optical fiber 4 of this state in the axial direction and 
by irradiating it as mentioned before with the ultraviolet ray. 

As in the first embodiment, the QSFBGs of the first kind 
and the second kind (i.e. , the first or second refractive index 
grating portion 41a or 41b) are made such that the grating gap 
gradually varies along the propagation direction of the light 
from the longer wavelength range to the shorter wavelength range , 
and such that a flat region of about 1 mm (i.e. , a region having 
no grating written therein) is formed between the QSFBG of the 
first kind (i.e. , the first refractive index grating portion 
41a) and the QSFBG of the second kind (i.e. , the second refractive 
index grating portion 41b) . 

Specifically, the multiple series FBG thus far described 
according to the second embodiment is manufactured in the 
following specific procedure. 

Specifically, the optical fiber 4 having a clad diameter 
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of 125 jam was made by adding Ge to the core 41 having a core 
diameter of 8 and a relative refractive Index difference 
of 0.3 %, and the QSFBGs of the first kind and the second kind 

(I.e. , the first and second refractive Index grating portions 
41a and 41b) having a slant angle (9) of 2° were formed In series 
in the optical fiber 4 by the phase mask method using KrF excimer 
laser (X = 248 nm) . Here, the central period (2A) of the plasma 
mask of a chirped grating is 1,140 nm, the chip rate (C) of 
the period is 1.2 nm/mm, the length (G) of the QSFBGs of the 
first kind and the second kind (i.e. , the first and second index 
grating portions 41a and 41b) is 8 mm, the effective refractive 
index (N) of the QSFBGs of the first kind and the second kind 

(i.e. , the first and second index grating portions 41a and 41b) 
is 1.447, and the refractive index modulation is 3 x 10~ 3 . In 
the aforementioned embodiment, the gap between the QSFBGs of 
the first kind and the second kind (i.e. , the first and second 
refractive index grating portions 41a and 41b) is set at 1 mm 
but may be modified to 200 mm or less , such as several to several 
tens mm . 

According to the second embodiment thus far described, 
the multiple series FBG has higher blocking characteristics 
than those of the FBG or the SFBG of the prior art so that it 
can retain the high reflection factor. Moreover, the multiple 
series FBG can transform the multiplexly reflected light highly 
efficiently into the clad mode thereby to inhibit the beat 
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generation . The multiple series FBG can have higher blocking 
characteristics , especially in the case two QSFBGs of the second 
kind are connected in two steps, as will be described 
hereinafter . 

Fig „ 4 shows relations of the multiple series FBG according 
to the second embodiment, that is, the relations between the 
input wavelength (nm) and the reflection factor (dB) . 

In Fig . 4 , a thin curve indicates the FBG (i.e., a one-step 
FBG) of the prior art, and a thick curve indicates the multiple 
series FBG according to the second embodiment . It is understood 
from Fig. 4 that the signal in the band of 1,540 to 1,560 nm 
is reflected approximately by 100 % in the multiple series FBG 
of the invention, but that the reflection outside of the band 
near the Bragg wavelength is low. 

The foregoing embodiments have described the case, in 
which the two QSFBGs of the slant angle (9) of 2° are connected 
at two steps. However, this two-step connection may also be 
made by combining the FBG, the SFBG and the QSFBGs of the first 
kind and the second kind, as will be described hereinafter. 

Table 1 enumerates themodes of combination of the two-step 
connection of the FBG, the SFBG and the QSFBGs, and their 
functions . 
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[Table 1] 



Sam pi 
e No. 


Front Step 


Rear Step 


Blocking 
Quantity 


Reflection 
Factor 


Multiplex 
Reflection 


1 


FBG 


FBG 


Medium 


High 


YES 


2 


FBG 


First Kind QSFBG 


Medium 


High 


NO 


3 


FBG 


Second Kind 
QSFBG 


Medium-Larg 
e 


High 


NO 


4 


FBG 


SFBG 


Medium 


High 


NO 


5 


First Kind QSFBG 


FBG 


Medium 


High 


NO 


6 


First Kind QSFBG 


First Kind QSFBG 


Medium 


High 


NO 


7 


First Kind QSFBG 


Second Kind 
QSFBG 


Medium-Larg 
e 


High 


NO 


8 


First Kind QSFBG 


SFBG 


Medium 


High 


NO 


9 


Second Kind 
QSFBG 


FBG 


Medium-Larg 
e 


High 


NO 


10 


Second Kind 
QSFBG 


First Kind QSFBG 


Medium-Larg 
e 


High 


NO 


11 


Second Kind 
QSFBG 


Second Kind 
QSFBG 


Large 


High 


NO 


12 


Second Kind 
QSFBG 


SFBG 


Medium-Larg 
e 


High 


NO 


13 


SFBG 


FBG 


Medium 


Low-Medium 


NO 


14 


SFBG 


First Kind QSFBG 


Medium 


Low-Medium 


NO 


15 


SFBG 


Second Kind 
QSFBG 


Medium-Larg 
e 


Low-Medium 


NO 


16 


SFBG 


SFBG 


Medium 


Low 


NO 



It Is understood from Table 1 that Samples Nos . 2 to 16 
can couple the multiplex reflection, as might otherwise occur 
in the case of the two-step connection of the FBG, into the 
clad mode, and that especially Sample Nos. 3, 7 and 9 to 12 
have higher blocking quantities and higher reflection factors 
than those of the others . 

Here are examined the characteristics of the two-step 
connections of the main FBGs . In the first case of Sample No . 
1, in which two FBGs of the same design are formed in series, 
the blocking quantity is medium, and the reflection factor is 
high. However, there is a drawback for Sample No. 1 that it 
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receives -the multiplex reflections between the FBG of the front 
step and the FBG of the rear FBG to cause the Fabry- Perot resonance 
so that the ripple appears in the spectral characteristics . 
In the case of Sample No. 16, in which two SFBGs of the same 
construction are formed in series, the blocking quantity is 
medium, and the two SFBGs do not receive the multiplex reflection . 
However , the SFBG itself has action to transform the fundamental 
mode into the clad mode , so that the coupling to the fundamental 
mode is hardly made to lower the reflection factor. This low 
reflection factor is advantageous in a transmission system 
disliking the reflection, but is disadvantageous in a 
transmission system positively utilizing the reflection of a 
line monitoring light in a light monitoring system. In the 
case the SFBG is made by using the ordinary single mode fiber, 
it is difficult to raise the coupling efficiency to the clad 
mode and accordingly to retain a high blocking quantity. 

Next, in the case of Sample No. 4, in which the FBG and 
the SFBG are formed in series at the front step and at the rear 
step, respectively, a high reflection factor is obtained so 
that an advantage is gained at the transmission system requiring 
the reflected light. However, the SFBG at the rear step has 
a narrow band width thereby to restrict the band which can be 
wholly used. 

Subsequently, in the case of Sample No. 2, in which the 
FBG and the QSFBG of the first kind are formed in series at 
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the front step and at the rear step, respectively, as shown 
in Fig. 5, a high reflection factor is obtained like in the 
aforementioned Sample No. 4 thereby to gain an advantage at 
the transmission system requiring the reflected light. 
Moreover, the QSFBG of the first kind is connected to the rear 
step so that the multiplexly reflected light can be transformed 
highly efficiently into the clad mode thereby to gain an 
advantage to inhibit the beat generation. Specifically, most 
of the light having a wavelength identical to the Bragg 
wavelength of the FBG is coupled to the fundamental mode in 
the reverse direction by the FBG at the front step, as shown 
in Fig. 5. However, a portion of the light transmits through 
the FBG at the front step , and this transmitted light is reflected 
on the QSFBG of the first kind at the rear step. This reflected 
light is reflected in a direction making an angle of (n - 20) 
(wherein 8 is the "slant angle") , and is transformed highly 
efficiently into the clad mode by the FBG at the front step 
thereby to inhibit the beat generation. In the case of Sample 
No. 6, in which two QSFBGs of the first kind having the same 
design are formed in series , a high reflection factor is obtained 
as in the aforementioned Sample No . 4 thereby to gain an advantage 
in the transmission system requiring the reflected light. 

In the case of Sample No. 11, in which two QSFBGs of the 
second kind of the same design are connected at two steps , a 
high reflection factor is obtained as in the aforementioned 
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Sample No . 6 thereby to Inhibit the beat . By the combined action 
of the Bragg reflection and the coupling to the clad mode, it 
is possible to obtain a larger blocking quantity than that of 
the two-step connection of the other FBGs . 

In Sample No. 11 if the relation of the slant angle (6) 
between the QSFBG of the second kind at the front step and the 
QSFBG of the second kind at the rear step is optimized, that 
is, if the slant angle (0) of the QSFBG of the second kind at 
the front step is set to about 2° whereas the slant angle (6) 
of the QSFBG of the second kind at the rear step is set to have 
an inverse sign (about -2°) , the multiplexly reflected light 
is coupled highly efficiently to the clad mode so that the 
blocking characteristics can be synergistically improved to 
better ones . 

Here, the aforementioned second embodiment has been 
described on the two-step connection of the FBGs, but three 
or more steps of FBGs may also be connected, if necessary. 

Fig. 7 is a schematic view of an optical fiber type coupler 
using themultiple series FBG according to the second embodiment . 
In Fig. 7, the portions common to those of Fig. 3 are omitted 
in description by designating them by the identical reference 
characters . 

In Fig . 7 , an optical fiber type coupler 5 of the invention 
comprises : a coupler body 51 for composing/dividing the waves 
of a rising signal (1,260 to 1,360 nm) and a falling signal 
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(1,480 to 1,580 nm) ; a COM port 52 mounted on the input side 
of the coupler body 51 ; and first and second OUT ports 53 and 
54 mounted on the output side of the coupler body. Here, a 
first connector 56 is attached to the leading end portion of 
the optical fiber core constructing the COM port 52 . A second 
connector 57 to be connected with the later-described PD (Photo 
Diode) is attached to the leading end portion of the optical 
fiber cover constructing the first OUT port 53 (as will be called 
the "1.55 port") . A third connector 58 to be connected with 
the later-described ID (Laser Diode) is attached to the leading 
end portion of the optical fiber core constructing the second 
OUT port 54 (as will be called the "1.3 port") . 

The optical fiber type coupler 5 thus constructed can 
be manufactured, as shown in Fig. 8. In Fig. 8, the portions 
common to those of Fig . 3 and Fig . 7 are designatedby the identical 
reference characters . 

First of all, two resin coated optical fibers 4a and 4b 
are prepared by coating the optical fibers of a single mode 
therearound with a resin, as shown in Fig. 8(a) . The first 
and second refractive index grating portions 41a and 41b are 
formed in series on the core of one resin coated optical fiber 
4a by a method similar to the aforementioned one. Then, the 
two resin coated optical fibers 4a and 4b are cleared of the 
resin coating at their middle portions thereby to expose optical 
fibers 4a 1 and 4b T . 
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Next , the two optical fibers 4a 1 and 4b 1 are fused and 
extended by melting them with a micro burner device, and this 
extension is stopped at a predetermined branching ratio. As 
a result, there are obtained an optical branching coupler 6 
and first to fourth optical fiber portions 6a to 6d which extend 
from the both sides of the coupler 6, as shown in Fig. 8(b) . 
Here, the other optical fiber 4b 1 to be joined to the second 
optical fiber portion 6b is cut, as shown in Fig. 8(c) . 

Next, the optical branching coupler 6 and the first to 
fourth optical fiber portions 6a to 6d are fitted in a groove 
61a formed in a package substrate 61 made of pure quartz , as 
shown in Figs. 8(d) and 8(e) . At the same time, the first to 
fourth optical fiber portions 6a to 6d are fixed in the package 
substrate 61 through adhesives 62a and 62b and are fitted in 
a stainless steel tube 63. This stainless steel tube 63 is 
provided on its circumference, if necessary, with a protective 
tube 64 such as a shrinkable tube. As a result, it is possible 
to manufacture the optical fiber type coupler 5 which has the 
COM port 52, the 1.55 port 54 and the 1.3 port 54. 

Fig. 9(a) shows the blocking characteristics of the 
optical fiber type coupler of the prior art, and Fig. 9 (b) shows 
the blocking characteristics of the optical fiber type coupler 
of the invention. In Fig. 9(a) and Fig. 9(b), a thin curve 
indicates the blocking characteristics of the 1.3 port, and 
a thick curve indicates the blocking characteristics of the 
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1.55 port. 

In the optical fiber type coupler of the prior art, it 
is understood from Fig. 9(a) that the 1.3 port transmits 
approximately 100 % of the signal having a band of 1.3 nm but 
not the signal having a band of 1.55 nm, and that the 1.55 port 
transmits approximately 100 % of the signal having a 1 . 55 nm 
band but hardly transmits the signal having a band of 1.3 nm. 

In the optical fiber type coupler of the invention, on 
the contrary, it is understood from Fig. 9(b) that the 1.3 port 
has blocking characteristics like those of the optical fiber 
type coupler of the prior art, but that the 1.55 port hardly 
transmits the signal having a band of 1 . 3 nm whereas the signal 
is cut out in the band of 1.55 nm. 

Here, the foregoing embodiments have been described on 
the case using the multiple series FBG according to the second 
embodiment, but the QSFBG of the first kind or the QSFBG of 
the second kind according to the first embodiment may also be 
used. 

Fig. 10 is a system configuration diagram of a WDM 
transmission system of the case, in which the optical fiber 
type coupler of the invention is applied to an optical subscriber 
access system of the FTTB (Fiber To The Building) . In Fig. 
10 and Fig. 11, the portions common to those of Fig. 3, Fig. 
7 and Fig. 8 are omitted in detailed description by designating 
them by the identical reference characters . 
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In Fig. 10, the WDM transmission system comprises: an 
optical line terminal (as will be called the " OLT 11 ) installed 
on a station side; and a plurality of optical network units 
(as will be called the "ONU") installed on a subscriber side. 
The OLT 1 and each ONU 2 are connected through an optical 
transmission line 3 made of a single-mode optical fiber core. 
In Fig. 10 and Fig. 11, only one ONU 2 is shown to simplify 
the description . 

The OLT 1 includes: a receiving PD (as will be called 
the "station side PD") 11 for receiving a rising signal having 
a band of 1 . 3 urn; a transmitting LD (as will be called the "first 
station side LD") 12 for transmitting a falling signal having 
a band of 1.49 pm; a transmitting LD (as will be called the 
"second station side LD") 15 for transmitting a falling signal 
having a 1.55 pm band; a WDM coupler (as will be called the 
"station side WDM coupler) 13 for composing/dividing two 
rising/falling wavelengths; a PLC (Plain Light Carrier) 
splitter 14; and a coupler 16. On the other hand, the ONU 2 
includes : a receiving PD (as will be called the "first subscriber 
side PD") 21 for receiving the falling signal having a band 
of 1 . 49 pm; a transmitting LD (as will be called the "subscriber 
side LD") 22 for transmitting the rising signal having a band 
of 1 . 3 jim; and the optical fiber type coupler (as will be called 
the "subscriber side WDM coupler") 5 of the invention. 

Here, the first station side LD 12 and the second station 
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side IiD 15 are connected with the coupler 16, with which the 
station side WDM coupler 13 is connected . Moreover , the station 
side PD 11 is connected with the station side WDM coupler 13, 
with which the PLC splitter 14 is connected. Next, the second 
connector 57 and the third connector 58 of the subscriber side 
WDM coupler 5 are connected with the subscriber side PD 21 and 
the subscriber side LD 22, respectively. Moreover, the first 
connector 56 of the subscriber side WDM coupler 5 is connected 
with an adapter 26 , with which a fourth connector 24 is connected. 
Moreover, the PLC splitter 14 is connected with the fourth 
connector 24 through the optical transmission line 3. 

In the WDM transmission system thus configured, the fiber 
Bragg grating and the coupler in the transmission line are 
integrated, that is, the first and second refractive index 
grating portions 41a and 41b are formed in series in the core 
of the optical fiber constructing the COM port of the subscriber 
side WDM coupler 5, so that the falling signal having a band 
of 1 .55 nm can be blocked. On the other hand, the signal light 
incident from the longer wavelength side is reflected at the 
slant type grating, and the reflected light is not propagated 
in the core 41 so that the reflection in the blocking region 
can be inhibited. 

According to the WDM transmission system of the invention , 
therefore, an FTTH (Fiber To The Home) requiring no "image 
delivery" can be configured simply and inexpensively by 
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connecting the optical fiber type coupler 5 removably with the 
adapter or connector of the optical transmission line 
configuring the current FTTB system. 

In the case the FTTH system requiring no "image delivery" 
is switched to an FTTH system requiring the "image delivery", 
it is sufficient, as shown in Fig. 11, to connect an optical 
fiber type coupler 23 in place of the optical fiber type coupler 
5 of the invention, to connect the first connector 56 with a 
filter (or coupler) 28 through a second adapter 26 'and a fifth 
connector 24' , to connect a second subscriber side PD 27 for 
receiving the falling signal having a band of 1.55 Jim with that 
filter (or coupler) 28, and to connect the filter (or coupler) 
28 with the adapter 26 through a sixth connector 25 f . 

As a result, the FTTH requiring no "image delivery" can 
be switched easily and inexpensively to the FTTH system requiring 
the "image delivery" . 

Here, the foregoing embodiments have been described on 
the case, in which the first and second refractive index grating 
portions 41a and 41b are formed on the side of the COM port, 
but the grating portions 41a and 41b may also be formed on the 
side of the 1.55 port. 

Fig. 12 is a longitudinal section of an SC type PAD 
connector using the QSFBG of the first kind or the QSFBG of 
the second kind according to the first embodiment, or the 
multiple series type FBG according to the second embodiment. 
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In Fig. 12, the SC type PAD connector is provided with a housing 
7, a ferrule 8 is arranged at the central portion on one end 
side in the housing 7. In this ferrule 8, moreover, there is 
mounted any of the QSFBG of the first kind, the QSFBG of the 
second kind and the multiple series FBG thus far described. 
This embodiment is provided with a multiple series FBG 9 . Here , 
this optical connector is formed into a male construction on 
its one end side and a female construction on its the other 
end side. 

According to this embodiment, the multiple series FBG 
9 or the like is mounted in the ferrule so that it is made into 
a plug type . Therefore , the optical connector can be removably 
connected to another connector arranged in the optical 
transmission line. Moreover, the WDM transmission system can 
be configured simply and inexpensively . In the case the optical 
connector is connected to the leading end portion of the COM 
port, moreover, it can be removably connected to a connector 
which is arranged on the side of the optical network device 
of the optical transmission line. 

Industrial Applicability 

According to the QSFBG of the invention, as apparent from 
the description thus far made, the one-step FBG can have 
intermediate characteristics between those of the FBG and the 
SFBG, and a high blocking quantity can be retained by combining 
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the function of the FBG and the function of the SFBG . According 
to the multiple series FBG of the invention, on the other hand, 
the reflection outside the band near the Bragg wavelength can 
be reduced to transform the multiplex reflection into the clad 
mode thereby to inhibit the beat generation . According to the 
optical fiber type coupler of the invention, moreover, the COM 
port configuring the optical fiber type coupler is provided 
with the QSFBG of the invention or the multiple series FBG. 
It is, therefore, possible to retain the high blocking quantity 
and to configure the WDM transmission system simply and 
inexpensively. According to the optical connector of the 
invention, on the other hand, the QSFBG of the invention or 
the multiple series FBG is packaged in the ferrule so that it 
is made into the plug type . It is , therefore , possible to retain 
the high blocking quantity and to connect the optical connector 
removably to another connector arranged in the optical 
transmission line thereby to configure the WDM transmission 
system simply and inexpensively. 
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